Waste is one of the most sophisticated problems which adversely affect the construction sector in Egypt. Substantial amounts of materials have been over consumed in different project stages. Examples of these stages are; design, documentation, procurement, handling, transportation storage, operation and inspection. Improper waste management and lack of concern given for waste minimization leads to excessive wastage of materials. The scope of this study covers the construction companies which possess experience in infrastructure field. Infrastructure projects are huge concerning capital and importance. It also includes big variety of activities which can be considered as a representative to the hole construction industry. This study aims to identify the main factors that cause waste in infrastructure projects in Egypt. It aims also to identify the severity of these factors.
1-INTRODUTION
The Egyptian construction industry has achieved a significant development. Buildings, roads, bridges, infrastructure and water supply projects were implemented on a large scale in recent years. This progress will attract investments, increase the standard of living and provide different kinds of job opportunities. The establishment of new cities in the wide open spaces of desert will redistribute the overpopulation in Nile delta stripe.
There are several conditions that must be achieved for the project success such as finishing on time, according to specifications and within budget. Several factors could negatively affect the project's success. Due to lack of concern given for these factors, the construction sector in developing countries is usually suffering from losses. These factors could happen during different project stages like design, documentation, procurement, handling, transportation, storage, operation and inspection.
Many of materials' industries have evolved with the development of construction industry. The construction industry consumes huge amounts of raw materials. There are two main disadvantages of waste. First, it has a very negative financial impact on construction sector as it is one of the serious reasons which cause high prices. Moreover, waste is one of the most environmental polluters but this factor is considered only in developed countries of Europe and United states.
Construction management is no longer an option but a necessity. It contributes strongly to the development of construction industry. Management application on construction projects will contribute in avoiding many problems that lead to losses. Reworking of finished activities, reordering of materials, rent equipment and labor before or after the required time, storing the materials for long time are examples of poor performance which will strongly cause losses.
Background of Research
Waste is a global phenomenon associated with the progress of the construction sector in any place. Many researches discussed this problem from different points of views. Some researchers discussed the "4R" concept which represent the four methods used for controlling waste; reduce, reuse, recycle and recovery. Reduction or prevention of waste factors was selected by many researchers as the best technique for controlling waste as it try to solve the problem before happening. Other researchers discussed causes of poor performance in construction sector. Several researches discussed each method of those "4R" used for controlling waste separately.
Problem Statement
One of the main reasons that lead to growth of construction sector is reasonable unit price of construction activities. Price analysis consists of two main components, namely direct and indirrec cost. The contractor will consider the waste cost in bid using previous experience in a similar project. For example, if the contractor found from his experience by working in one of the infrastructure projects that waste in pipes is about 15%. As a result, the contractor will raise unit price of pipes by the same percentage. There is another problem caused by the transfer of waste to landfills. Some countries have specific areas as landfill and these spaces will expire with the increase of amount of waste. Some developed countries have focused on the impact of construction waste on the environment. As a result, these countries have to raise taxes on the transfer of waste to landfills.
Finally, the purpose of this research is to identify the main reasons which leads to waste to be avoided and therefore the percentage of waste and price will be reduced. If there aren't any actions to reduce the high value of the waste there will be no control on prices.
Objectives of the Study
The objectives of this work could be drawn as: (1) To identify the factors that cause waste in construction projects in Egypt, (2) To determine the severity of these factors and there priority order or rank, (3) Develop computerized checklist to help project team players to avoid these factors, and (4) Propose guidelines to project team players to minimize waste.
Scope of Study
This research will focus on investigating waste management techniques in infrastructure projects as a result of increasing size of these projects in egypt in recent years because of its priority as it precedes other civil works. Therefore, this paper aims to focus on determining factors causing waste in this kind of projects.
LITERATURE REVIEW

Definition of Waste
Construction material wastes refer to materials from construction sites that are unusable for the purpose of construction and have to be discarded for whatever reason (Yahya and Boussabaine, 2006 ) [1] .
Debris is solid waste from construction, remodeling, repair or demolition of buildings, roads or other structures. Examples of debris are: rest of wood, concrete, drywall, masonry, roofing, siding, structural metal, wire, insulation, asphalt, packaging materials related to construction or demolition and other materials applied in construction.( CRISTIANO,2007) [2] .
Construction waste was defined as any material apart from earth materials, which needed to be transported elsewhere from the construction site or used on the site itself other than the intended specific purpose of the project due to damage, excess or non-use or which cannot be used due to non-compliance with the specifications, or which is a by-product of the construction process. (Ekanayake and Ofori, 2004 ) [3] .
Waste Measurement
In united kingdom (Rohit Bhagwat,2008) [4] summarized statistical information about waste which shows that 335 million tones of waste was generated included approximately 100 million tones of minerals waste, and 220 million tones of controlled wastes from households, commerce, and industry which also includes construction and demolition wasted. About 60% of total waste sent to landfill, 6% incinerated, 10% recycled and 22% treated using various methods. Due to high percent of waste sent to landfill the united kingdom government goes to rise the landfill taxes. This decision was taken as the available landfill sites have very limited life span. The following figure (2-1) shows the rise in landfill taxes from year 1996 to 2009. The amount of waste in Brazil is between 20 to 30% of material weight entered a construction site (Pint and Agapyan, 1994) [5] . 25% of materials in construction process waste (Hamassaki and Neto ,1994 ) [6] , 20% of material entered the site are wasted (Formoso et al., 1994 ) [7] , (Wong Xiao Wen, 2007) [8] indicated that the construction sector in united stated of America produced 136 million tones of construction and demolition waste. The annual production rate of construction and demolition waste from the whole planet is around 3 billion ton (Mohd Fidaus,2009) 
Reduction:
Reduction of waste was chosen by many researches as the best strategy to control waste. Reduction of waste at source is very helpful as it try to solve the problem before it becomes complex. Reduction is better than reuse, recycle and recovery as it avoid the generation of waste. It could be the best strategy for countries with minimum financial resource. Reduction could be implemented during design, documentation, handling, storage, supervision and …etc.
(Wong Xiao Wen,2007) [8] summarized the benefits of waste reduction such; increase profit, increase landfill life, reduce environmental impact, conservation of natural resources, cleaner and safer construction site and improve company image..
Reuse:
Reuse techniques is defined as re-employment of materials to be reuse in the same application or to be used in lower grade applications in the project. Materials such as wood, earthworks, steel, concrete, masonry, tiles, plasterboard, insulation materials, paints, solvent and carpets can be profitably reused on the construction site (Mohd Fidaus,2009) [9] .
Recycle:
Concrete, plastic, asphalt and brick are some of main materials which must be utilized in any infrastructure project. Recycling mean these previous waste materials in other different ways such as using the crushed concrete in protection of levee, sub-base, backfilling and foundation material. The main precaution when using recycling is to make the required tests to ensure the quality of recycled materials.
Recovery:
A recovery technique is a process of generating energy from waste materials that cannot be reduced, reused or recycled. (Mohd Fidaus,2009) [9] . Hauling and disposal costs, the value of recovered materials, and labor costs contribute to whether materials recovery is more or less cost-effective than disposing of materials. Recovery of low value materials may be cost-effective if disposal costs are high and removal and sorting are not labor intensive. The added labor necessary to remove items for reuse may be offset by savings from both the avoided costs of purchasing new materials and avoided disposal costs. (Said Saker,2006) [10] .
3.DATA COLLECTION METHODOLOGY
There are different ways to collect data such as interviews, books, standards, E-mail survey and questionnaire. This study will use questionnaire to accomplish the aim of this research. Close-ended questions and likert scale can strongly achieve quick and accurate analysis. In likert questions the respondent will be asked to express his agreement or disagreement according to a scale as shown in the following table. The questionnaire consists of three main parts. Part (A) includes information about the respondent company like experience, classification, number of employees and number of projects implemented by the company in the last five years. In section (B) the respondent is asked to show his company strategy to control waste. Different kinds of waste strategies were listed and the respondent selects the strategy he usually uses in his company. Section (C) includes 67 factors causing waste. The respondent would state his opinion for each factor according to the previous scale.
Pilot test
The purpose of pilot test is to make sure that the respondent understands the questioner and to find out the shortcomings and ambiguities. The questioner was translated into Arabic to help the respondent to understand it. Ten contractors were asked to fulfill the questionnaire and add any other factor that may cause waste from their point of view. The questionnaire will be reliable when the respondent answers don't include indecisiveness answers.
Research sample
The research sample should represent the opinion of companies working in infrastructure field. Great care should be taken in choosing the sample to ensure that it represents the actual population. According to the Egyptian Federation of Construction and Building Contractors, the numbers of construction companies working in infrastructure field are as following: For accurate results companies from sixth and seventh class will be excluded because these companies have less experience and efficiency. This study will focus on companies classified as first, second, third and fourth.
In previous studies the researchers faced a problem when many companies refused to fulfill the questioner. (Mohd Fidaus, 2009) [9] reviewed that the respondent percentage was 33%. 40 companies only agreed to answer the questionnaire out of 120. Some companies don't trust that these data will be used for research purpose only. They fear that these data could be used to impose taxes or something else. This is the result of many years of lack of confidence with the governmental authorities. In this study, the same problem has been faced. Out of 180 questioners, only 51 responded.
Data Analysis
After collecting data, the answers of questionnaire were coded to enable them to be computer processed. The questionnaire is analyzed using statistical package for social science (SPSS). This program provides important data such as mean, median, mode and other statistical methods which are suitable in achieving the objectives of the study. Fig.(4-7) shows the surveyed companies plan towards waste. Only (41.2%) have a strategy to control waste, while (43.1%) didn't have any plan.
Plan to control waste
Yes
No
Missing Fig. (4-7) Companies plan to control waste 4.1.8 Training labors Fig.(4-8) shows the surveyed companies strategy to train labor. Only (27.5%) take training labor into consideration, while (54.9%) have no strategy for such purpose. 
PROPOSED PROJECT MODEL
This study is aiming to develop a tool to predict the percent of waste for the most common materials in infrastructure projects. Previous studies showed that each material has a very wide rang of performance (Said Saker, 2006) [10] . So, this software is developed for infrastructure projects only. CCCW "Computer Checklist for Calculating Waste" is the name of this developed software.
Procedure of project model
Based on data analysis, this program goes through four steps to predict value of waste:
1-Estimation of waste factors weights;
This study considers two ways for this objective. The first way used the mean value of waste factors from the survey analysis to estimate the weight of each factor. Then, a checklist is developed including 99 questions. The second way use person correlation coefficient to find the relation between waste factors and waste in construction materials. Then, all these relations which have negative relations or significance <=.05 have been executed. Finally, the accepted relations have been used to find the weights of each factor. Table ( 5-2) shows some question of design stage. This method considered the percent of each relation as a weight. Table ( 
2-Efficiency of controlling waste;
After the user inputs the prices and quantities of project materials, he goes to the second part of the checklist which consists of 99 "yes or no" questions. When the user check "no", he losses the percent or weight of this questions. Finally, the software cumulates the weight of questions answered by "no". Efficiency of controlling waste could be estimated by subtracting the cumulative negative questions from 100%.
3-Probable waste value;
In order to find the probable waste value, this thesis produces two methods. The first method is obtained by using the E-W chart. By finding the efficiency of controlling waste (E) as illustrated before, the user could enter this chart and get the value of W1 & W2 which represents the probable waste percentage for these materials shown in the previous table. For example; if the efficiency of controlling waste equals 50%, the probable waste value for first class materials (W1) will be equal to 2.5 % and the value for second class materials (W2) will be equal to 7.5% as shown in the following chart. The second method is obtained by using equation. The following two equations are used for the same purpose. W1 = 5 -E x .05 W2 = 10 -E x .05 Where W1, W2 and E as mentioned before
4-Final results
There are two outputs of CCCW. First output is probable waste values. The waste value could be calculated by using the following equation: The second output that the user could minimize losses to the optimum waste value through commitment to advices offered by the software. The minimum waste percent is calculated using the following equation 
Using CCCW program
The software consists of three sections. In the first section, the user input price an d quantities of project as shown in fig.no.(5-3) . In the second section, the user answers 99 questions which describe all project aspects as shown in fig.no.(5-4) . In the last section, the user could get the probable waste value in each kind of materials as shown in fig. no.(5-5) . 
Case Studies
This program is studied for applicability using several miscellaneous case studies. The actual percent of waste was calculated in 6 projects for different materials. Then, these projects conditions were applied to CCCW program to predict the percent of waste.
The purpose of this section is to confirm correct application of two important items. The first item is to make sure that the values of waste in site are coinciding to what has been determined by the surveyed companies. For example, the quantity of sand waste is ranging from 5% to 10% according to the survey analysis. This section will try to find a way to determine the value of waste for the sand in site and compare it with the results of the survey. The second item, checking the correct application of the program and make sure that the results from project is close to the values of waste at site.
Determination of the value of waste in site is very difficult for two main reasons. The first reason is that contractors wary of revealing any financial information. The second reason is that most of contractors do not have a complete data base on quantities of materials to be implemented or purchased or values of waste for all project items. So, this section will focus on the main items of infrastructure project such as pipe lines.
The following cases calculate the waste by same way mentioned later. In each case there is a store in the project. The contractor receives the required material he needs form the store. At the end of every month the contractor will be paid according to what he has implemented and installed materials. So, the waste value will be the difference between what the contractor received and what he has implemented. The first three cases discussed waste in plastic pipes and the last three cases discussed waste in cement.
Table (5-1) shows the actual percent of waste in site and probable waste percent developed from CCCW for the same cases. The results show that the maximum difference is 2.28 % after exclusion of the results of the fourth case. The main cause of inaccurate results obtained in the fourth case was becau se the ready mix concrete was delivered to site less than requested. When checking the volume of concrete in truck mixer it was found less than mentioned in the request policy with the truck mixer deriver. This may be due to an error in the mixer or may be illegal behavior by those responsible for the mixer. The correlation value between actual and probable waste percent is (.784). The factor that has got the highest rank in this thesis was project manager ability to take right decisions in the right time with average index of 4.48. This result is compatible with the findings of many researches as the project manager is the key for any project success. There should be an evaluation for the candidates for the project manager position. The following factor is more related to human management. The managerial capabilities of project manager was chosen by the respondent as the third factor. Many waste losses occur not only because of the technical level of project manager but also because of his managerial capabilities as well. Motivation of workers and keeping good relation with all project team parties is one of the main objectives of project leader. It is very useful to give project managers the required courses to improve their skills in human management.
DISCUSSION AND CONCLUSION
Another important factor need to be given the required concern was poor design of project layout. Some notes should be taken into consideration while design the layout. Temporary road should coincide with the permanent road. Storage areas and labor housing should be away from the required work location to avoid need to move such facilities. Prevailing wind direction should be taken into consideration while detecting the position of workers housing, bathrooms and welding workshop.
Assigning of the work to contractor with the lowest bid regardless of the quality is a very important factor. It was chosen by the respondents as the fifth factor with an average index of 4.30. Quality and waste control should be taken into consideration beside price before assigning the work to any contactor. A detailed plan for controlling waste should be submitted with tender documents. This thesis shows that 43.1% of companies working in the infrastructure field didn't have any plan for waste reduction.
The following two factors associated with supervision. Being slow in taking decision by consultants was chosen by respondents with an average index 4.27. Lack of supervision by consultant or site engineer has a great effect on waste occurrence. It was chosen by respondents with an average index 4.24.
